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ABSTRACT 


Critical  behaviour  of  the  zero  temperature  Hall 
constant  in  a  disordered  electronic  system  is  considered. 
It  is  shown,  by  means  of  a  scaling  argument,  that  near 

r  •  * 

(above)  the  mobility  edge  Ec  the  Hall  constant  R 
diverges  according  to  R(E)  (E-E^)  ,  where  t  is 

the  conductivity  exponent.  \ 
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Abrahams  et  al.  have  developed  a  single  parameter  scaling  theory  of 

electron  localization  in  disordered  systems.  The  scaling  parameter  in 

their  theory  is  the  dimensionless  conductance  g  =G/(e2/tf)  .  which  charac- 

2 

terizes  the  degree  of  localization  in  a  finite  sample.  The  theory  predicts 
d  =  2  as  the  lower  critical  dimensionality  for  the  Anderson  transition. 

A  mobility  edge  Ec  exists,  and  a  true  metallic  conduction  is  possible, 
only  for  d  >  2  .  The  zero  temperature  conductivity  near  (above)  is 

proportional  to  (E-Ec)t  .  The  conductivity  exponent  t  is  related  to  the 
correlation  (localization)  length  exponent  v  by 

t  -  (d-2) v  (D 

3 

a  result  first  obtained  by  Wegner. 

The  purpose  of  this  note  is  to  investigate  the  critical  (i.e.  near  E£) 
behaviour  of  the  Hall  constant  R(E)  in  the  framework  of  a  single  para¬ 
meter  scaling  theory  for  noninteracting  electrons. 

I  first  derive  Eq.  (1)  using  a  scaling  argument  which  can  then  be 

easily  extended  to  obtain  the  Hall  constant  behaviour  near  E  .  It  will 

c 

be  more  convenient  to  use  the  parameter 

A(L)  -  (g(L)  -  8c)/gc  (2) 

(rather  than  g(L)  itself  as  in  Ref.  1)  as  the  basic  scaling  parameter. 

The  length  L  in  Eq.  (2)  represents  some  arbitrary  scale,  and  g  is 

c 

conductance  at  the  mobility  edge.  In  the  critical  region,  i.e.  for 
A  «  1  ,  the  correlation  length  £  -  LA_V(L),  and  hence  the  parameter  A(L) 

scales  as 

1/v 


A(L)  -  AQ(L/L0) 


(3) 
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where  AQ  -  (E-Ec)  is  the  initial  value  of  the  parameter  at  some,  e.g. 
microscopic,  scale  LQ  . 

I  consider  now  a  sample  of  length  c C  and  divide  it  into  blocks  of 
size  Ld  .  According  to  the  scaling  hypothesis^  the  conductance  G  of 
the  sample  must  be  some  function  of  cC/L  and  A(L)  only.  For  a  large 
(dC  »  £)  sample,  and  in  the  metallic  region 

G  =  (£/L)d'2  f (A (L) )  (4) 

Let  us  choose  L  <<  C  >  so  that  A(L)  <<  1  .  Then  f(A)  is  proportional 
to  Ac  which,  via  Eq.  (3),  leads  to 

G  ~  (<£/ L)d"2  AJ(L/L0)t/V  (5) 

Since  G  cannot  depend  on  L  ,  Eq.  (5)  immediately  gives  the  relation 
(Eq.  (1))  between  the  exponents.  Thus  there  is  a  connection  between  the 
conductivity  behaviour  near  Ec  (the  exponent  t)  and  the  behaviour  of  the 
conductance  as  a  function  of  'll  for  a  large  (metallic)  sample  (the  exponent 
(d-2)  in  Eqs. (4,5)) . 

In  the  presence  of  an  external  magnetic  field  B  the  sample  is 
characterized  by  the  Hall  conductance  Gu  ,  in  addition  to  the  usual  ohmic 

U 

conductance  G  .  The  relation  between  Gu  and  G  is  given  by 

ri 

gh  =  GVU  (6) 

where  and  U  are  the  Hall-voltage  and  the  external  voltage  (in  current 

direction) respectively.  The  Hall  conductivity  is  defined  as 

°h  ■  1*-  °H  ^  rn 

Below  the  mobility  edge  Ojj  *  0  ,  since  there  can  be  no  Hall  current  without 
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an  ohmic  current.  When  the  mobility  edge  is  approached  from  above, 
presumably  approaches  zero  according  to 


0U(E)  -  (E-Ec) 


which  defines  the  Hall  conductivity  exponent  t^  . 

I  now  make  the  basic  assumption  that  the  one-parameter  scaling 
hypothesis  of  Abrahams  et  al.^  is  valid  also  for  the  Hall  conductance  , 
at  least  in  the  critical  region.^  Then,  for  large  °C  and  near  (above)  the 
mobility  edge  ,  G„  can  be  written  as  (compare  to  Eq.  (5)) 

II 

.  t  t  /  v 

m  t  /  P  \  A  tl/.  /-  \  O  /  a\ 


Gh  -  h(oC/L)d"2  A0H(L/L0)  H 


since  for  a  large  (metallic)  sample  G^  ,  as  well  as  G  ,  must  be  proportional 
to  ot  .  The  dimensionless  parameter  h  is  proportional  to  the  magnetic 
field  B  ,  which  is  assumed  to  be  weak  (i.e.  h  «  1)  .  This  parameter 
will  generally  depend  on  energy  E  ,  i.e.  on  AQ  .  For  instance,  in  the 
weak  scattering  limit  h  =  cu ct  ,  where  u>c  is  the  cyclotron  frequency 
and  x  is  the  relaxation  time.  Eq.  (9)  ,  in  complete  analogy  with  Eq.  (5), 
leads  to 

tg  -  t  -  (d-2)v  (10) 

The  Hall  constant  R  is  proportional  to  au/o2  and  therefore 

n 

diverges,  for  d  >  2  ,  near  the  mobility  edge  as 

R(E)  -  (E-Ec)-t  (11) 
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